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ABSTRACT:		
OBJECTIVE:	Despite	of	the	numerous	hemodynamic,	 immunologic	and	protective	functions	of	an	intact	
pericardium,	 it	 is	 not	 routinely	 closed	 after	 open-heart	 surgery,	 for	 fear	 of	 possible	 postoperative	
hemodynamic	 instability.	The	aim	of	 this	 study	was	 to	weigh	 this	 risk	against	 those	potential	benefits	 in	
patients	undergoing	CABG.	
METHODS:	Between	September	2013	and	July	2015,	238	patients	benefited	from	CABG,	associated	with	
aortic	 valve	 replacement	 (AVR)	 in	 28	 cases	 (11.8%).	 Under	 normothermic	 cardiopulmonary	 bypass	 and	
intermittent	warm	blood	cardioplegia,	all	patients	under	50	years	of	age	benefited	from	a	bilateral	internal	
mammary.	The	long	saphenous	vein	and	radial	artery	were	used	for	additional	grafts.	After	haemostasis,	
patients	were	 randomised	 to	 either	 close	 the	pericardium	 (139	patients;	 58.4%)	 or	 to	 leave	 it	 open	 (99	
patients;	41.6%).			
RESULTS:	Pericardial	closure	group	were	significantly	younger,	in	a	better	NYHA	class	and	had	benefited	
from	shorter	aortic	cross-clamp	and	bypass	times.	Mean	units	of	transfused	blood,	need	for	re-exploration,	
respiratory	as	well	as	presence	of	any	hospital	complication	and	hospital	mortality	were:	0.7	+	1.3	vs.	1.1	+	
1.6	units	(P=0.05),	11.5%	vs.	24.2%	(P=0.01),	0.7%	vs.	8.1%	(P=0.003),	0	vs.	2%	(P=0.9)	in	pericardial	closure	
group,	 compared	 to	 non-pericardial	 closure	 group.	 Independent	 predictors	 of	 any	 hospital	 cardiac	
complication	 or	 mortality	 were	 high	 BMI,	 left	 main	 stenosis,	 Angina	 class	 IV	 and	 need	 for	 more	 blood	
products.	Patients’	grouping	was	irrelevant	(OR	0.7;	95%	Confidence	interval	0.34-1.47,	P	=	0.36).				
CONCLUSION:	Primary	pericardial	closure	after	CABG	was	associated	with	better	haemostasis	and	 less	
hospital	 complications,	without	 apparent	 hemodynamic	 disturbance	 than	 if	 it	was	 left	 open.	 Larger	 and	
long-term	studies	are	needed	to	confirm	those	findings.		
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INTRODUCTION:	
The	pericardium	has	a	wide	range	of	physiological	
functions	that	comprises	of:	mechanical	restraint	
promoting	 cardiac	 efficiency	 specially	 during	
haemodynamic	 overloads,	 membranous	 gliding	
surface	 reducing	 friction,	 defence	 immunologic	
and	 physical	 barrier,	 fibrinolytic	 activity	 and	
ligamentous	 support	 with	 limitation	 of	 undue	
cardiac	 displacement	 [1].	 Primary	 pericardial	
closure	after	cardiac	surgery	seeks	to	restore	the	
functional	 advantages	 of	 an	 intact	 pericardium	
and	has	been	found	to	preserve	cardiac	function,	
protect	 against	 cardiac	 tamponade,	 improve	
haemodynamic,	 decrease	 rate	 of	 postoperative	
atrial	 fibrillation	 and	 reduce	 risk	 of	 re-entry	 [2].	
Traditionally,	 however,	 the	 pericardium	 is	 not	
closed	 after	 adult	 cardiac	 surgery	 because	 of	
potential	 but	 unproven	 associated	 risks.	 Our	
study	 objective	was	 therefore,	 to	 determine	 the	
clinical	effect	of	primary	pericardial	closure	after	
CABG.	
MATERIAL	AND	METHODS:	
Clinical	 data	 for	 all	 patients	 undergoing	 elective	
CABG	by	a	single	surgeon,	in	the	period	between	
September	2013	and	July	2015	was	prospectively	
collected.	Under	normothermic	 cardiopulmonary	
bypass	and	intermittent	warm	blood	cardioplegia,	
our	 policy	 was	 total	 arterial	 revascularisation	 in	
patients	 below	 50	 years	 of	 age:	 right	 internal	
mammary	 artery	 for	 LAD	 (left	 anterior	
descending	 artery)	 and	 Left	 internal	 mammary	
artery	for	left-sided	grafts.	Radial	artery	was	used	
for	 right-sided	 grafts	 or	 if	 we	 cannot	 use	 both	
internal	mammary	 arteries.	 In	 this	 series	we	 did	
not	use	Y	grafts.	After	haemostasis,	patients	were	
randomly	 assigned	 to	 either	 closing	 the	
pericardium	 or	 leaving	 it	 open.	 The	 primary	
outcome	was	major	adverse	postoperative	event	
which	 is	 composite	 of	 operative	 mortality	 and	
significant	postoperative	morbidity,	defined	as;	a)	
re-operation	 for	 bleeding	 and/or	 tamponade,	 b)	
low	 cardiac	 output	 state	 requiring	 inotrope	 or	
intra-aortic	 balloon	 pump,	 c)	 myocardial	
infarction,	 indicated	 by	 the	 presence	 of	 	 i)	 new	
electrocardiographic	 changes	 (including	
persistent	 S-T	 elevation	 and	 Q	 waves,)	 and	 ii)	
troponin	 levels	 elevated	 to	 more	 than	 3	 times	
normal,	 and/or	 iii)	 new	 regional	 wall	 motion	
abnormality	on	echocardiography,		d)	respiratory	
tract	 infection,	 re-intubation,	 and	 tracheostomy,	
e)	 stroke	 (transient	 or	 permanent	 neurological	
deficit),	and	f)	new	dialysis	or	haemofiltration.	
Statistical	 analysis:	 Values	 were	
presented	 as	 mean	 (+SD)	 or	 numbers	 (%).	 The	
distribution	 of	 qualitative	 variables	 between	
groups	 was	 compared	 with	 Chi-Square	 (or	
Fisher’s	 exact)	 test	 and	 means	 of	 quantitative	
data	 were	 compared	 with	 Student’s	 test.	
Stepwise	 logistic	 regression	analysis	was	used	 to	
detect	 independent	 predictors	 of	 any	 hospital	
cardiac	complications	or	mortality.	All	tests	were	
bilateral	 and	 a	 P	 value	 of	 5%	 was	 the	 limit	 of	
statistical	 significance.	 Statistical	 analysis	 was	
performed	 using	 SPSS	 version	 21.0	 statistical	
software	 package	 for	 windows	 (SPSS,	 Inc.,	
Chicago,	IL,	USA).	
RESULTS:	
Baseline	 characteristics	 of	 both	 groups	 were	
comparable	with	matched	Euro	score,	except	for	
age	 and	 NYHA	 class	 (Table	 1).	 In	 addition,	
pericardial	 closure	 group	benefited	 from	 shorter	
aortic	 cross	 clamp	 and	 bypass	 times	 to	 perform	
comparable	 number	 of	 grafts	 to	 non-pericardial	
closure	 group	 (Table	 1).	 There	 were	 no	
differences	 in	 the	 incidences	 of	 any	 cardiac	
complications	 and	 hospital	 mortality	 between	
both	 groups,	 as	 detailed	 in	 Figure	 1.	 Bleeding-
related	 complications	 namely;	 re-opening	 for	
bleeding/tamponade	 and	 mean	 units	 of	 blood	
transfusion	 were	 significantly	 less	 frequent	 in	
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"pericardial	 closure"	 group	 (Table	 2).	 In	 general,	
respiratory	 and	 all	 postoperative	 complications	
were	 observed	 in	 fewer	 "pericardial	 closure	
“patients	(Table	2,	Figure	2).	As	shown	in	Table	3,	
pericardial	closure	was	not	among	the	predictors	
of	 any	 postoperative	 cardiac	 complication	 or	
hospital	 mortality	 (OR	 0.7;	 95%	 Confidence	
interval	0.34-1.47,	P	=	0.36).	
	
Table	1:	Patients	demographics	
Variables	 No	pericardial	
closure	group	(n=99)	
Pericardial	closure	
group	(n=139)	
P	value	
Female	 24	(24.2)	 21	(15.1)	 .08	
Mean	age	(years)	 69.8	±	10.4	 65.8	±	9.7	 0.003	
BMI	 28.8		±	4.7	 29.1	±	5.2	 0.71	
Mean	eGFR	 74		±	21	 77+17	 0.21	
CCS	III/IV	 44	(44.4)	 64	(46.0)	 0.81	
NYHA	III/IV	 31	(31.3)	 23	(16.5)	 0.007	
Prior	MI	 49	(49.5)	 79	(56.8)	 0.26	
-LMS	disease:	
-2VD	
-3VD	
30	(30.3)	
27	(27.3)	
67	(67.7)	
41	(29.5)	
38	(27.3)	
90	(64.7)	
0.89	
0.68	
	
LVEF:	
			>50	
		30	–	50	
		<30	
		Unknown	
	
62	
25	
4	
8	
	
94	
32	
6	
7	
	
	
	
	
0.86	
Operation	:	
					CABG	
					CABG	+	AVR	
	
83	(83.4)	
16	(16.2)	
	
127	(91.4)	
12	(8.6)	
	
	
0.08	
Co-morbidity:	
			-Diabetes	
			-Hypertension	
			-Active	smoking	
			-Neurological	disease	
			-COPD	
	
32	(32.3)	
82	(82.8)	
11	(11.1)	
11	(11.1)	
11	(11.1)	
	
41	(29.7)	
107	(77.0)	
14	(10.1)	
18	(12.9)	
15	(10.9)	
	
0.67	
0.27	
0.71	
0.67	
0.95	
Operation	Priority	
			-Elective	
			-Urgent	
			-Emergency	
	
59	(59.6)	
39	(39.4)	
1	(1.0)	
	
72	(51.8)	
64		(46.0)	
3	(2.2)	
	
	
	
0.43	
Mean	Euro	Score	 5.5	±	6.7	 5.2		±	6.2	 0.72	
Mean	Cross-clamp	time	(min)	 60.6		±	21.8	 54.8		±	19.3	 0.04	
Mean	CPB	time	(min)	 97.4	±	27.4	 88.8		±	27.5	 0.02	
Mean	number	of	grafts	 2.9		±	0.9	 	 	
n=	number	of	patients,	VD=	vessel	disease,		
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Table	2:	Hospital	outcomes	
Variables	 No	pericardial	
closure	group	(n=99)	
Pericardial	closure	
group	(n=139)	
P	value	
Number	 99	(41.6)	 139	(58.4)	 	
Mean	chest	tube	drainage	
Mean	units	of	blood	transfusion	
497		±	292	
1.1	±	1.6	
509		±	318	
0.7		±	1.3	
0.78	
0.05	
Any	post	operative	complication	 58	(58.6)	 59	(42.4)	 0.01	
Re-opening	for	bleeding	 8	(8.1)	 1	(0.7)	 0.003	
Postoperative	AF	 22	(22.2)	 36	(25.9)	 0.52	
Respiratory	Complication	 24	(24.2)	 14	(11.5)	 0.01	
CVVH	 2	(2.0)	 1	(0.8)	 0.45	
Vasoconstrictor		 64	(64.6)	 88	(63.3)	 0.95	
Blood	transfusion	 46	(46.5)	 50	(36.0)	 0.10	
Mortality	 2	(2.0)	 0	 0.09	
n=	number	of	patients,	CVVHD		=	continuous	veno-venous	haemodialysis.	
Figure	1:	cardiac	complications	
	
Figure	2.	Other	complications	
	
CVVHD	=	continuous	veno-venous	haemodialysis.	
P	=.09	 P=0.91	
P	=	.95		
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Table	3:	Determinants	of	any	cardiac	complication	or	hospital	mortality.	
Risk	factor	 Odds	ratio	(95%	CI)	 P	value*	
Angina	class	IV	 2.03	(1.03	–	4.02)	 0.04	
BMI		 1.08	(1.01	–	1.16)	 0.02	
Blood	product	transfusion	 2.53	(1.24	–	5.15)	 0.01	
LMS	 0.37	(0.18	–	0.78)	 0.009	
Pericardial	closure	 0.71	(0.34	–	1.47)	 0.36	
BMI=	body	mass	index,	LMS	=	left	main	stenosis,	*=	stepwise	logistic	regression	analysis.
DISCUSSION:	
Historically,	 the	 pericardium	 is	 not	 closed	 after	
heart	operation	due	to	the	risk	of	haemodynamic	
instability.	 In	 Some	 congenital	 heart	 operation	
where	 it	 is	more	 likely	 that	 there	will	 be	 second	
operation,	 the	 pericardium	 is	 usually	 closed	 to	
facilitate	second	entry.	 	Most	studies	concerning	
the	 pericardium	 have	 focused	 on	 its	 ability	 to	
minimize	 adhesions	 between	 the	 heart	 and	 the	
sternum	[3].	Maintaining	 the	native	geometry	of	
the	 heart	 is	 now	 recognized	 as	 an	 important	
factor	in	preserving	left	ventricular	function	after	
cardiac	 operations.	 Our	 technique	 is	 simple;	 we	
use	 continuous	 Prolene	 3/0	 sutures	 to	 close	 the	
whole	pericardium	above	the	heart	with	Redivac®	
above	the	chest	drain	below.	Other	centres	used	
different	materials	like		
Synthetic	 polytetrafluoroethylene	 (PTFE),	
but	the	adhesions	formed	were	so	strong	or	even	
stronger	 than	 those	 observed	 without	 the	
presence	of	biological	or	synthetic	material	[4-6].	
The	use	of	synthetic	material,	whether	in	adult	or	
paediatric	 patients,	 is	 associated	 with	 more	
intense	 inflammatory	 reactions	 or	 even	 serious	
infections.	 The	 use	 of	 the	 pericardium	 itself	 has	
proved	to	be	simple	and	uncomplicated.	Rao	and	
colleagues	 [7]	 showed	 that	 pericardial	 closure	
may	 reduce	 the	 risk	 of	myocardial	 injury	 during	
sternotomy	 for	 repeat	 coronary	 artery	 bypass	
grafting	by	preventing	right	ventricular	adhesions.	
However,	 adverse	 hemodynamic	 effects	 in	 the	
early	 postoperative	 period	 may	 preclude	
pericardial	 closure	 in	 patients	 with	 impaired	
ventricular	 function.	 This	 is	 confirming	 the	
concept	 of	 the	 Toronto	 group	 that	 closing	 the	
pericardium,	although	beneficial	in	the	long	term,	
by	preserving	 the	 structures	of	 the	mediastinum	
in	the	case	of	a	second	intervention	by	the	same	
approach,	 may	 initially	 cause	 a	 slight	 worsening	
of	 LV	 function	 by	 limiting	 filling,	 and	 an	
improvement	 in	 RV	 function,	 for	 the	 same	
reason,	 was	 confirmed	 by	 data	 from	 this	 study		
[7]	
Our	 results	 show	 no	 differences	 in	 the	
incidences	 of	 any	 cardiac	 complication	 and	
hospital	 mortality	 between	 the	 groups.	 Our	
results	 confirm	 our	 impression	 that	 the	 primary	
closure	 of	 the	 pericardium	 is	 a	 safe	 and	
reproducible	 technique	 with	 no	 complications	
and	 clinical	 implications	 in	 the	 immediate	
postoperative	period.	However,	there	is	need	for	
further	 studies	 in	 cases	 also	 involving	 patients	
with	ventricular	dysfunction.	
Study	limitations:		
Despite	 of	 randomisation,	 pericardial	 closure	
group	 was	 younger,	 in	 better	 NYHA	 class	 and	
benefited	 from	 shorter	 ischemic	 and	 perfusion	
times,	 however,	 none	 of	 those	 4	 variables	 was	
significantly	 related	 to	 any	 cardiac	 complication	
or	hospital	mortality.		
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